According to our previous work 1 , the growth of cell wall could be described by a driving force from the mechanochemical energy change in the cell wall. Therefore, the growth velocity of any geometrical parameter determining cell shape can be described by
parameter determining cell shape can be described by
where R is a geometrical parameter determining cell shape, G is the cell wall energy 1 and γ is a parameter describing the rate of cell wall synthesis in absence of any mechanical forces. For compressed cells after long-term growth, the cell becomes as two layers of flat cell wall on top and bottom together with a lateral cell wall 0.8 − 0.9µm in height. Since the cell can only expand horizontally outward, cell growth can be described as the two-dimensional expansion of top and bottom layer of cell wall plus the lateral wall.
Locally, the cell wall therefore can be approximated by a cylinder with height h = 0.8 − 0.9µm and crosssectional area proportional to R. We can apply Eq. S1 for the growth of this flat cylinder. For irregular cell shapes, the local curvature R varies. However, local cell wall growth is still well approximated by growth equations for a section of cell wall with local radius R. Thus, we use Eq. S1 to estimate local cell growth rate.
To obtain the total cell wall energy G, we first calculate the strain energy stored in the top and bottom flat layers. Due to symmetry of the flat cylinder, the displacement in the layer in polar coordinates (r, θ)
can be written as
The elastic strains are
The stresses are
where E and ν are the Young's modulus and Poisson ratio of the cell wall, respectively. The mechanical equilibrium equation reads as dσ r dr + σ r − σ θ r = 0 (S5) Substituting Eq. S4 into S5 leads to
The solution of Eq. S6 is
where C 2 = 0 due to the finite displacement at r = 0. At r = R, we have σ r = P h/(2d), where h is the height of the micropillars, equal to the height of the flattened cell cylinder. d is the thickness of the cell wall layer. Then we obtain
So we have
The strain energy in the two flat layers is
The stress and strain in the lateral cell wall are
The strain energy in the lateral cell wall is
Therefore, the total strain energy becomes
The total energy is
where P V = πP hR 2 is the work done by turgor pressure and V is the cell volume and A is the chemical energy. is the released energy per unit area and A = 2πR 2 + 2πhR is the surface area of cell wall. So we have
Hence, Eq. S1 can be expressed as
where C = However, scaling with respect to geometric parameters such as R should remain the same. Specifically, if
we compare growth dynamics with and without MreB, it is possible to resolve mechanical contribution of MreB to cell wall growth. We find that MreB changes relative magnitudes of C and B, therefore indicating that MreB is contributing a mechanical role for cell wall growth.
Supplemental movie 1
E. coli cells are immobilized when compressed by the PDMS layer, and immediately increased the contact area to the bottom cover glass.
Supplemental movie 2
E. coli cells develop into flatten shapes after 60-90 min of compression.
Supplemental movie 3
The fluorescence of freely diffusible green fluorescence protein (GFP) expressed in E. coli cells is not disrupted during compression.
Supplemental movie 4
E. coli cells treated with 20µg/ml A22 also grow into pancake-like shapes and proceed with cell division. 
